in which the cellular compartment is activated, and, although nonspecific activation of host immunity can be elicited by HIV alone, it is enhanced by coinfection with other pathogens. Helminth infections also shift the dominant profile of T helper lymphocyte subsets from a type 1 to a type 2 (T H 2) response. Investigations of Ethiopian immigrants in Israel have revealed cytokine imbalances that reflect this shift [7, 8] . Additional studies have demonstrated increased apoptotic and anergic activity of lymphocyte subsets in helminth-infected adults [9] [10] [11] . The net effect is a pattern of immune dysregulation that might be expected to diminish the host cell's capacity to contain retroviral replication.
These findings have prompted the hypothesis that treatment of helminth coinfections may be of direct clinical benefit to HIV-infected individuals, especially if it lowers viral load. The few human studies that have addressed this hypothesis have been inconsistent in their findings. Although one study demonstrated a mean de-crease of 0.36 log 10 copies/mL in plasma concentrations of HIV-1 RNA after treatment of intestinal helminth infections, others failed to find a similar effect [12] [13] [14] [15] . The inconsistency of these results may be due to study limitations as a result of small sample size, the absence of comparison groups, and/or a cross-sectional analytic design. To address these issues, we conducted a prospective study to assess the impact that antihelminthic treatment has on plasma concentrations of HIV-1 RNA in asymptomatic adults living in Lusaka, Zambia, and coinfected with HIV-1 and intestinal helminths.
SUBJECTS, MATERIALS, AND METHODS
Study population and design. From March to December 2003, we screened 428 adults for HIV serostatus and the presence of helminth infection or Schistosoma mansoni on examination of stool samples. Participants were recruited from 3 citywide voluntary, confidential HIV testing and counseling centers. Participants were eligible for enrollment if they provided informed consent, were serologically confirmed as being infected with HIV-1, were 19-45 years old, had a total lymphocyte count of у1000 cells/mL, and provided at least 1 stool sample for examination for the presence of helminth ova and larvae. Individuals were excluded if they had been treated for active tuberculosis in the previous year, were pregnant (as determined by rapid human chorionic gonadotropin ELISA; Biotec Laboratories), were smear positive for malaria, or had received antihelminthic treatment or antiretroviral therapy in the preceding 4 weeks or 3 months, respectively. We also excluded individuals who presented with advanced HIV disease, defined as stage 3 or 4 of the revised World Health Organization (WHO) Kigali HIV staging system [16] .
Eligible participants were recruited into 2 study arms on the basis of helminth status; helminth-infected participants were assigned to an experimental treatment group, whereas helminthuninfected participants were followed to compare viral load and CD4 + and CD8 + cell count trends over a contemporaneous period. The participants in the treatment arm were coinfected with HIV-1 and helminths and were individually matched to HIV-1-infected, helminth-uninfected participants on the basis of sex and age ‫4ע(‬ years). Both groups were followed over the course of 5 study visits, which occurred at baseline and 1 week before the initiation of treatment and at 4 weeks, 10 weeks, and 16 weeks after the initiation of treatment. Participants in the experimental arm were treated at both the 1-week and 4-week visits with a 3-day course of albendazole (400 mg on the initial day and 200 mg on the 2 subsequent days; Albenza; GlaxoSmithKline) and a 1-day regimen of praziquantel (40 mg/kg spread over 2 doses separated by 4-6 h; Biltricide; Bayer). Receipt of the first doses was directly observed, and adherence to the regimen was assessed by participant interview. All participants were clinically evaluated at each scheduled visit and were offered primary medical care as indicated.
Data collection and laboratory procedures. During the screening process, we obtained sociodemographic, behavioral, and medical data via a structured interview. At follow-up visits, we evaluated participants for disease progression in accordance with basic clinical and laboratory parameters. Helminth status was determined before enrollment and again at the 10-week posttreatment visit. At enrollment, eligible participants were asked to provide 1 fresh and 2 preserved stool samples. Of the enrolled participants, 1 had 1 stool sample analyzed, 8 had 2 analyzed, 104 had 3 analyzed, and 13 had у4 analyzed (mean, 3.04 stool samples). A statistically equivalent number of stool samples was analyzed at the completion of the study (mean, 2.96 stool samples;
). The mean number of stool samples P p .4 analyzed per participant did not differ between the helminthinfected and helminth-uninfected groups at enrollment (3.11 vs. 2.97 stool samples;
) or at the completion of the P p .3 study (2.92 vs. 3.00 stool samples;
). P p .3 Fresh stool samples were collected in sterilized plastic containers, and preserved stool samples were collected in 10% formalin ParaPak vials (Meridian Diagnostics). The fresh and preserved stool samples were examined within 24 and 72 h of collection, respectively, by formol-ether concentration techniques [17, 18] . For participants whose fresh stool samples contained helminth ova or larvae, we estimated the intensity of infection by quantitative analysis of the egg burden, in accordance with the Kato-Katz thick-smear technique [19] . For quality-control purposes, 10% of the stool samples were examined twice, by formol-ether concentration and the Kato-Katz thick-smear technique. Important discrepancies in ova identification or quantification were found in 2 (5.3%) of 38 stool samples and were resolved by the examination of an additional stool sample.
Participants were tested and counseled for HIV infection in accordance with a locally validated dual rapid test algorithm and quality-control procedure (Determine HIV-1/2 by Abbott Laboratories and Capillus HIV-1/HIV-2 by Trinity Biotech) [20] . Whole blood for immunologic and virologic analysis was obtained from enrolled participants at the baseline and 1-week pretreatment visits and at the 10-and 16-week posttreatment visits. Automated complete blood cell counts were quantified by a Coulter Counter, and CD4
+ and CD8 + cell subsets were quantified by a FACSCount (both from Becton Dickinson). Plasma was stored at Ϫ80ЊC and was shipped to the National Institute of Allergy and Infectious Diseases at the National Institutes of Health for HIV-1 RNA quantification (Chiron Quantiplex HIV-1 for bDNA).
Statistical analysis. We analyzed participants who completed follow-up in accordance with the study arm to which they were originally assigned. Helminth-uninfected participants who became newly infected with intestinal helminths during follow-up were still considered to be, in the primary analysis, in the helminth-uninfected comparison group. This was done so as not to introduce bias by selectively moving subjects from one study arm to another. Only 2 helminth-uninfected participants were newly infected during follow-up. When we analyzed all data, first by considering these 2 participants to be uninfected, then by considering them to be infected, and finally by excluding them altogether, the results from all 3 analyses differed only marginally. Hence, we present the findings of the primary analysis only.
Data were entered on site, and the analysis was performed using SAS (version 9.0; SAS Institute). Data were double entered with a discrepancy rate of !2%. Differences in proportions of sociodemographic characteristics by helminth status were assessed by Fisher's exact test. Mean plasma concentrations of HIV-1 RNA and CD4
+ and CD8 + cell counts for baseline and 1-week pretreatment visits were compared with averaged values for the 10-and 16-week posttreatment visits by use of the Wilcoxon rank sum test. Univariate comparisons of pretreatment and posttreatment log 10 viral load between the 2 study arms were also evaluated by the Wilcoxon rank sum test. Changes in viral load across all 4 time points were examined using longitudinal data analytic methods. Specifically, we estimated changes in log 10 viral load within participants and between experimental and comparison groups from a linear model using the SAS MIXED procedure for repeated measures. Model-selection strategies were used to adjust for potentially important covariates, such as age, sex, CD4 + cell count, and intensity of helminth infection. Variance-covariance structure and modelfit diagnostics were assessed for each model.
Ethics. Study procedures were approved by the University of Alabama, Birmingham (UAB), Institutional Review Board; the University of Zambia Research Ethics Committee for the University Teaching Hospital (UTH) of Lusaka; and the Fogarty International Center of the National Institutes of Health. Written, informed consent was obtained from all study participants, and human-experimentation guidelines of the UAB Institutional Review Board and the UTH Research Ethics Committee were followed.
RESULTS

Baseline characteristics.
Of 428 individuals screened for the study, 264 were eligible to participate; of the 264 participants, 26% were infected with at least 1 type of intestinal helminth (figure 1). Of the 264 eligible participants, 126 were individually matched and enrolled into the study. Ten participants were later deemed to be ineligible when they were confirmed as being HIV seronegative; 2 participants died because of causes unrelated to the study (cerebral malaria and bacterial meningitis); and 3 were lost to follow-up, leaving 54 participants in the experimental arm and 57 participants in the comparison arm who completed the 5 study visits. Of the 54 helminth-infected participants, 26 were infected with Ascaris lumbricoides, 18 were infected with hookworm, 5 were infected with S. mansoni, 4 were infected with Strongyloides stercoralis, and 1 was infected with Hymenolepsis nana.
The majority of participants were female (61.3%), reported an income of !US$1/day (62.2%), and lived in the eastern portion of Lusaka (76.6%). We observed no differences in baseline characteristics between the helminth-infected group and the helminth-uninfected group (table 1). The mean age of the participants in the 2 study arms was similar (30.2 vs. 30.5 years;
), as were unemployment rates (50.0% vs. 49.1%; P p .6 P p ). The median total lymphocyte count was 1786 cells/mL in the .6 helminth-infected group and 1625 cells/mL in the helminth-uninfected group ( ). Except for hematocrit (median, 35.8%; P p .4 SD, 6.8%), for which the reference range is 37%-54%, hematologic values were within locally established reference ranges.
Differences in plasma concentrations of HIV-1 RNA and CD4 + and CD8 + cell counts. The median pretreatment plasma concentration of HIV-1 RNA was 0.33 log 10 copies/mL higher in the helminth-uninfected group (4.63 log 10 copies/mL [interquartile range {IQR}, 4.19-4.83 log 10 copies/mL]) than in the helminth-infected group (4.30 log 10 copies/mL [IQR, 3.86-4.80 log 10 copies/mL]) ( ). The magnitude of this dif-P p .09 ference remained close to 0.30 log 10 copies/mL after treatment in the helminth-infected group (4.71 log 10 copies/mL [IQR, 4.22-5.02 log 10 copies/mL] vs. 4.43 log 10 copies/mL [IQR, 3.88-4.87 log 10 copies/mL];
). The mean baseline plasma con-P p .03 centration of HIV-1 RNA was 4.21 log 10 copies/mL (SD, 0.83; ) in participants with high-or moderate-intensity heln p 48 + cell counts decreased P p .1 during the same period within each group ( ). Plasma P 1 .05 concentrations of HIV-1 RNA increased by 0.06 log 10 copies/ mL (95% confidence interval [CI], .02-.10 log 10 copies/mL) in the helminth-infected group and by 0.13 log 10 copies/mL (95% CI, Ϫ.03 to .29 log 10 copies/mL) in the helminth-uninfected group. The interaction between visit and treatment arm yielded a statistically nonsignificant difference of .07 log 10 copies/mL (95% CI, Ϫ.04 to .20 log 10 copies/mL; ) between groups P p .2 in the change from mean pretreatment to posttreatment plasma concentrations of HIV-1 RNA. There was no significant interaction between visit and treatment group when change over the 4 separate visits, instead of the average of the 2 pretreatment and 2 posttreatment visits, was assessed ( ). Similarly, the P p .2 change in CD4 + cell count differed by only 2 cells/mL (95% CI, Ϫ45 to 49 cells/mL) between the 2 groups ( ). P p .9 Plasma concentrations of HIV-1 RNA changed only trivially when the data were adjusted for CD4 + cell count. Thirteen helminth-infected and 26 helminth-uninfected participants had baseline CD4 + cell counts !200 cells/mL. Overall, these participants had higher plasma concentrations of HIV-1 RNA than did those with CD4 + cell counts у200 cells/mL at both pretreatment (4.63 vs. 4.13 log 10 copies/mL) and posttreatment (4.83 vs. 4.18 log 10 copies/mL) visits. Regardless of the CD4 + cell count, plasma concentrations of HIV-1 RNA in the helminth-infected and helminth-uninfected groups increased by a magnitude similar to that of the estimated increase for the whole study population. When we evaluated participants with high (у5.0 log 10 copies/ mL; ) baseline plasma concentrations of HIV-1 RNA, we n p 17 found that mean viral load declined by 0.25 log 10 copies/mL after antihelminthic treatment in the helminth-infected group (5.24 Plasma concentrations of HIV-1 RNA in helminth-infected and helminth-uninfected HIV-1-infected adults before and vs. 4.99 log 10 copies/mL; ) and by 0.02 log 10 copies/mL at P p .3 the same time point in the helminth-uninfected group (5.18 vs. 5.16 log 10 copies/mL; ). Adjusting for age, sex, and CD4 + P p .8 cell count in a mixed model did not alter the primary outcome in the overall or any subset analysis. Treatment of helminth infection was associated with a decrease of 0.12 log 10 copies/mL in plasma concentrations of HIV-1 RNA in participants with moderate-or high-intensity infections with A. lumbricoides or hookworm, as classified by the WHO [19] ; however, this observation was based on data from 6 participants and was not reflective of any prior hypothesis related specifically to hookworm infection or ascariasis.
DISCUSSION
In the present study, we failed to find an association between treatment of intestinal helminth infection and decreases in plasma concentrations of HIV-1 RNA or changes in CD4 + cell counts in Zambian adults coinfected with HIV-1 and helminths. These results are similar to the findings of previous studies in Kenya and Uganda [13] [14] [15] , but they conflict with data from a study in Ethiopia that demonstrated a reduction in viral load (0.36 log 10 copies/mL) 6 months after intestinal helminth infections in coinfected adults were eliminated [12] .
The hypothesis that helminth infections may play a central role in the pathogenesis of HIV-1 infection, especially in developing countries, and contribute to faster progression of HIV-1 disease was originally made on the basis of observations that a T H 2 immunologic profile and a pattern of chronic immune activation predominated in patients with helminth infections [21] [22] [23] [24] [25] [26] . HIV pathogenesis research also revealed that increased expression of HIV coreceptors was associated with chronic immune activation [27, 28] , that peripheral blood mononuclear cells extracted from chronically immune-activated individuals exhibited increased susceptibility to HIV-1 infection [29, 30] , and that immune activation during the course of HIV-1 infection was an important factor in driving disease progression to AIDS [31] . It also became clear that chronic immune activation, such as that caused by helminth infections, could result in the converse effect-that is, anergy or a suppression of the immune response [32] . Taken together, the data suggest that the role of the immune dysregulation caused by helminth infection may not be unidirectional but instead may be more complex, having polar effects that depend on a number of still unidentified factors.
In the pivotal study that inspired the present one, Wolday et al. [12] found that 13 Ethiopians living in Addis Ababa and coinfected with HIV-1 and either intestinal nematodes or S. mansoni experienced a mean decrease of 0.36 log 10 copies/mL in plasma concentrations of HIV-1 RNA after having their helminth infections cleared with antihelminthic medications (albendazole and/or praziquantel). To date, Wolday et al. [12] are the only investigators to have published such a finding. Before the Ethiopian study, Lawn et al. [13] found that treatment of 30 Kenyan adults living in a rural setting who were coinfected with HIV-1 and S. mansoni was correlated with a mean increase in viral load of 0.33 log 10 copies/mL 1-15 months after treatment (mean follow-up, 5.6 months). This increase was unlikely to be related to the elimination of schistosomes, because adults who were evaluated р5 months after antihelminthic treatment exhibited an increase in viral load of 0.08 log 10 copies/mL, whereas participants whose follow-up visits occurred у6 months after treatment had a mean viral load that was 0.56 log 10 copies/ mL higher than baseline levels. It is more likely that an increase in viral load reflects HIV-1 disease progression in antiretroviralnaive adults.
In a cross-sectional analysis of HIV-1-infected Ugandan adults, Elliott et al. [14] observed that persons coinfected with HIV-1 and helminths had a viral load 0.21 log 10 copies/mL lower and a median CD4 + cell count 199 cells/mL higher than those in HIV-1-infected, helminth-uninfected persons. These relative differences were still apparent at 5 weeks and 4 months after treatment of helminth infections. However, one-third of the treated participants still harbored intestinal helminths at the 4-month follow-up visit, which makes it difficult to remove the confounding effects of persistent helminth infection from observed null associations. The same group of investigators recently reported the results of a prospective study in which they followed a much larger cohort of Ugandan adults coin- fected with HIV-1 and helminths [15] . Despite the increase in sample size, the findings were similar. After adjusting for potential confounding variables, the investigators found no overall impact of antihelminthic treatment on plasma concentrations of HIV-1 RNA.
We believe the present study improves on previous studies with regard to sample size, study design, and/or analytic approach. We enrolled into the study and assessed 54 participants coinfected with HIV-1 and helminths, and only 2 had helminth infections at the end of follow-up. The present study's sample size of successfully treated helminth-infected participants is nearly double that in most previous studies, except for the Ugandan cohort followed by Brown et al. [15] . Our study and the 2 Ugandan studies [14, 15] improve on the study designs of Wolday et al. [12] and Lawn et al. [13] by including an HIV-1-infected, helminth-uninfected cohort to assess secular trends in viral load and CD4 + cell count over a concurrent period. Despite the use of a longitudinal study design with true comparison groups, neither Ugandan study [14, 15] accounted for the time-dependent variability of primary outcome measurements, such as CD4 + cell count or viral load, in their analyses. Brown et al. [15] assessed the mortality associated with helminth infection using linear regression techniques but, like Elliott et al. [14] , did not employ longitudinal analytic methods when evaluating the impact of antihelminthic treatment on CD4 + cell count or HIV-1 viral load. In fact, only Lawn et al. [13] analyzed their data longitudinally; however, that study may not be comparable to others, because it did not include a comparison group and focused on only S. mansoni infection, which may exhibit kinetics of infection and clearance that differ from those characteristics of intestinal nematodes. Furthermore, the present study is the only one to account for potential regressionto-the-mean effects on outcome measurements by obtaining and analyzing average, rather than individual, HIV-1 load and CD4 + cell count values before and after the administration of antihelminthic treatment.
Despite improving on the design of previous studies, the present study has certain limitations. Similar to other investigators, we screened participants for prevalent, not incident, helminth infections. This limits the interpretation of our data, because the duration of helminth infection may play an important role in the activation of host immunity. Furthermore, we could not ascertain when HIV-1 infection occurred. We do not believe this limitation to be a major source of bias, because we used clinical and laboratory surrogates to screen for stage of infection. We may have failed to adjust for potential unknown confounding variables by not conducting a randomized cohort study; we could not, however, ethically justify the withholding of antihelminthic treatment from helminth-infected participants. By restricting the population to asymptomatic antiretroviral-naive adults with a total lymphocyte count у1000 cells/mL and matching by age and sex, we nonetheless minimized the potential confounding influence of these factors. Unlike the Ugandan studies [14, 15] , which employed serologic assays for helminth detection, we used only fecal methods to detect helminth ova and larvae and therefore had limited sensitivity to identify helminths such as S. mansoni and S. stercoralis, which excrete low, variable numbers of eggs in stool. However, our study used 2 fecal methods to analyze a median of 3 stool samples from each participant, whereas other studies [12] [13] [14] [15] analyzed only 1 sample from each participant.
It is possible that the high sensitivity of our parasitologic methods and the low intensity of infection in this urban setting biased our results to a null outcome. More than 85% of participants in the experimental arm harbored low-intensity infections. The intensity of helminth infection (as measured by ova count) in the population in the present study and in the study by Elliott et al. [14] was an order of magnitude lower than that in the population followed by Wolday et al. [12] . Thus, the difference in intensity of infection possibly explains some of the discrepancy in results. Coinfections may exert more influence on the dynamics of HIV-1 replication in persons with high-intensity helminth infections and high plasma concentrations of HIV-1 RNA. Despite the trend that clearance of intestinal helminth coinfections may not influence plasma concentrations of HIV-1 RNA, the continued investigation of this question is warranted in coinfected children, who are well known to have both high-intensity helminth infections [33, 34] and high plasma concentrations of HIV-1 RNA [35] [36] [37] , as well as in rural inhabitants, who may also have high-intensity helminth infections. It is also prudent to recognize the inherent advantage of antihelminthic treatment for HIV-infected persons, although we cannot confirm that viral load reduction will be among its benefits.
